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(g) SaH^ntabied materfol mixing apparetus. 

© A setf-contalned material mixing apparatus C12) is dis- 
dosed that Is particularly useful for mixing two substances 
separately contained in the apparatus (12) untB an actuator is 
moved within the apparatus (12) to causa cme of the 
substances to be brought into contact with the other 
substance. The apparatus (1 2) may be embodied as a syringe 
having a piston (16) therein separating two compartments 
(IB, 19) withm the syringe body (14). The piston (16) causes 
an incompressible substance in the rearward compartment 
(19) to pass to the forward compartment (18) when ttie 
volume of the rearward compartment (19) is reduced. t>ut 
precludes passage of substances in the forward compart- 
ment (18) to the rearward compartment (19). The substances 
to be ultimately mixed together are separately placed in the 
compartments (18, 19), which substances can bo. for exanv 
pie, a drug and a diluent (one of which is preferably In liquid 
f orni). For mbeing of the substances, the piston (16) is moved 
reanwardly in the syringe (12) and this results in inoompressl' 
ble material in the rearward compartment (19) being forced 
to the fron compartmem (18) through the one-way vahfing 
provided l>y the piston (16), Alter mbeing of the sutntances in 
tl}e forward compartment (18). the material Is discharged 
from the syringe (12) to a fMtient by moving the piston (16) 
forwardly in the syringe (12) to expel the mixture from the 
syringe (12) through an utiet nozzle located at the front of 
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SELF-CONTAINED MATERIAL HIXIN6 APPARATUS 



This Invention relates to a material mixing apparatus and. 
more particularly, relates to a self-contained drug mixing apparatus. 

5 

It is well known that various substances can, or must, be 
maintained separated until the time of use, and various devices have 
been heretofore suggested and/or utilized to accomplish this end. 
With respect to drugs. It is well known that at least some drugs, when 

10 in the delivery stage, have a short shelf-life and/or cannot be mixed 
with other substances until quite near the time of Intended use. 

Various devices have been heretofore suggested and/or 
utilized for mixing drugs stored in separate receptacles prior to use 
(see, for example, U.S. Patent Nos. 3,938,520 and 3.125,092), and some 

15 such devices have utilized a closed system wherein the drug was 
introduced Into a diluent within a bag in the device (see, for 
example. U.S. Patent No. 4,410,321). 

It has also been heretofore suggested that a syringe could 
have a substance stored therein, with the syringe, when Inserted into 

20 a container, withdrawing a liquid substance to be mixed with the 
substance stored in that container (see, for example, U.S. Patent No. 
3,337,041). In addition, a double compartment ampule has also been 
suggested for separately storing two substances with the substances 
being separated by a divider that when displaced allowed mixing of the 

25 substances (see, for example, U.S. Patent No. 1,929,616). 

Thus, while devices have been heretofore suggested and /or 
utilized for mixing substances, such devices have not proven to be 
completely successful in providing a mixing device wherein the 
substances can be separately stored until mixing within the device, 
30 with the device then being utilized to deliver the mixture to a 
patient, which delivery can be through a controlled drive so that the 
device can deliver individual doses. 
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This inv nti n pr vld s a d vie £ r nixing 
substances, particularly drugs and ass ciated 
Mterials. wherein the substances are combined within 
the mixing and delivery unit until when an actuator 
within the unit is moved, after which a mixture of 
the substances is discharged from the device by again 
moving the actuator. The actuator of the device is 
provided with means which permit liquid to flow from 
a compartment on one side of the actuator to a 
compartment on the other side but not vice-versa, so 
that in use liquid from one compartment can be forced 
into the other compartment, in which there is another 
liquid or a solid, and the two substances can then be 
discharged as a mixture. (The term "mixture" 
includes solutions). 

This invention is further defined by the 
appended claims. Changes in the precise embodiment 
of the herein disclosed invention are meant to be 
included within the scope of the invention. 

The accompanying drawings illustrate complete 
embodiments of the invention according to the best 
mode so far devised for the practical application of 
the principles thereof, and in which: 

FIGURE 1 is a perspective of the material 
mixing , apparatus of this invention shown embodied as 
a syringe having separate compartments therein 
separated by the syringe piston; 
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FIGURE 2 is a sectional view taken through lines 2-2 of 
FIGURE 1; . 

FIGURE 3 is M exploded vien of the device show. In FIGURES 

1 and 2; 

FIGURE 4 is a sectional vie- taken through lines «^ of 

FIGURE 2; 

FIGURE 5 is a sectional view similar to that of FIGURE 4 and 
Illustrating «.ovement of Incompressible material from the rearward 
compartment to the forward compartment upon movement of the piston 
10 rearwardly In the syringe; 

FIGURE 6 is a sectional view taken through lines 6-6 of 

FIGURE 2; 

FIGURE 7 is a sectional view taken through lines 7-7 of 

FIGURE 2; 

15 FIGURE 8 is a exploded view of an alternate embodiment of a 

syringe piston assembly that may be utilized in this Invention; 

FIGURE 9 is an exploded view similar to that of FIGURE 8 and 
illustrating another alternate embodiment of a syringe piston assembly 
that may be utilized in this invention; and 
20 FIGURE 10 is a sectional view similar to that of FIGURES 4 

and 5 and illustrating yet another alternate embodiment of the syringe 
piston that may be utilized in this invention. 



Referring to the drawings, the material mixing apparatus 12 
25 of this invention is best shown overall, embodied as a syringe, by the 
perspective view of FIGURE I. along with the sectional view of FIGURE 
2 and the exploded view of FIGURE 3. As shown, syringe 12 has a 
cylindrical syringe body 14. and a piston 16 positioned within syringe 
body 14 so that separate forward and rearward compartments 18 and 19. 
30 respectively, are formed at opposite sides of the piston. 
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PIStM M, as b«t tiHwn in HOBES 4 mi 5. Includes a 

«,1mlr1c.l base I»rt1» a l>«1«« ^ ^'''T- 

r. « ^ 1«cl««« . I»tt« P.rt1«. » bHd,1n, the ^b.s. 

. «^M.r. «.ch - n-bber. *1ch »>,a^ the Inner «,ls ^ 

^rtnTh.^ «^ annuur «,unt,n, .h«„d.r 29 -.Ich ,s reeled 1. 
not<* 30 ef piston base portion a. 

The fro. ends of sho»1ders 26 and 27 enaaje the Inner wall 
of syrlng. b«(y M at an anjie that foms one-ay ..l.mg fr >11<»<1"9 

no Taslw of^-terlals fro- «.n»rd c«part«.t » to forward 
Xt^t^nt 18 the sh«,lders ln«rdly (».«r f™- the 1..^ 

^ Of „H«9e b6dy 14) ».aer pressor, to alio, ^terlals In the 
tLr6 Ipart^nt to pass between the -..-er wal, of the s,r.n^ 

b, K(y and the shoulders and thos »ve Int. the fomard co«part-ent. 

,5 Mov«ent of BaterlaU fro. the rear ««part«nt to the front 

c«,„rt»nt is pr«1.ded. however, since pressure on '^'^'''J' ^ 
fo«.rd «-p.rt«nt. tendl.9 to ».e soch «terlals toward the «ar 

c. -«rt-«t. causes the shoulders to be «re tl9ht1, -«.9ed against 
'm inner wall of the syringe body thus precluding «.B««t of 

20 «t.r1.1 in the rearward d1rectl«> fn» the forward co.part«nt to the 
rearward compartment. 

Piston 16 is connected to one end 31 (having screw threads 
thereon) of piston ro6 32 by means of annular ^«Y"\"^;,ton Z 
(centrally mounted to the rear face of base portion 21 of piston 16 
25 and having Internal screw threads therein) so that piston rod 32 
controls actuation of piston 16 in opposite axial <'^-^;-; " 
syringe body 14 to va^r the volume of compartments 18 and 19 formed at 
the opposite sides of piston 16. 

Piston rod 32 extends rearwardly from piston 16 and passes 
30 from syringe body 14 through aperture 34 In a second piston^ or plug 
35 and notch 36 of safety clip 37 so that the rearmost portion 39 of 
rod 32 is external of syringe body 14. Disk 41 may be mounted at the 
rear end of rod 3Z» 
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Plug 3S Is similar to piston 16 and Includes a pair of 
shoulders 43 and 44 that extend to the Inner wall of syringe body 14 
to fom a seal thereat* Unlike shoulders 26 and 27» however, 
shoulders 43 and 44 do not form a one-way valve, but Instead, the 

5 shoulders are sufficiently rigid to engage the Inner wall of the 
syringe body to thereby preclude passage of materials. In either 
direction, past plug 35 when positioned within syringe body 14. In 
addition, an annular resilient washer 45 extends upwardly from the 
rear side of plug 35 to receive a portion of safety clip 37 partially 

10 therearound. 

Piston rod 32 Is axlally movable within aperture 34 of plug 
35 to allow rearward movement of the rod, and Is also preferably 
movable through aperture 34 to allow forward movement of the rod 
(although alternately, plug 35 can be constrained to movement with rod 

IS 32 after rod 32 has been moved to the rearmost position)* 

Safety clip 37 Is a spring type clip that Is mounted at the 
rear end of body portion 14 » As shown In FIGURES 1, 2 and 4 through 
7, clip 37 Includes annular washer 47 the Inner wall of which engages 
and is received In a notch In the outer wall of resilient washer 45 

20 (the Inner wall of which washer engages piston 32). Washer 47 has a 
depending flange 48 around a major portion thereof, and flange 48 has 
an Inwardly directed lip 49 thereon so that the outwardly directed lip 
51 of syringe body 14 Is received between disk 47 and lip 49. Safety 
clip 37 may be formed of plastic material so that the clip can be 

25 positioned by being snapped Into place, as Is well known. 

An outlet, or nozzle, 53 Is provided at the forward end of 
syringe body 14, and outlet 53 has an aperture 54 therein that Is in 
communication with forward compartment 18. In order to seal the 
forward compartment, a cap 55 Is orovlded, as Indicated In FIGURES 1 
30 and 3. 

Prior to mixing, piston 16 provides a seal between 
compartments 18 and 19 so that the compartments separately store 
substances to be ultimately mixed, which substances can be, for 
example, a solid dni^ mati»rial in forward compartment 18 and a diluent 
35 for reconstituting the drug In rearward compartment 19. 
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In operation to wHx the stored substances, piston 16 Is 
first moved rear-ardly (I.e.. In an axial direction away from the 
outlet 53 at the front of the syringe). This decreases the volume of 
rearward compartment 19 and enlarges the volume of forward compartment 
5 18 which increases the pressure In the rearward compartment. By 
providing an Incompressible material In the rearward compartment (such 
as a diluent, which can be water, for example), the Incompressible 
nterlal Is forced, under pressure, against shoulder 26 (and then 
against shoulder 27). This wedges the edges of the shoulders away 
10 from the Inner wall of syringe body 14 so that the material passes 
from the rearward compartment to the forward compartment to mix with 
the substances stored thereat. Thus. If a drug material In solid form 
is stored at the forward compartment and a liquid diluent Is forced 
from the rearward compartment to the forward compartment, the diluent 
15 mixes with the drug to reconstitute the drug at the forward 
compartment. 

Uhen the piston has been moved rearwardly to Its fullest 
extent, the volume of the rearward compartment Is at a minimum (near 
zero) and the volume at the forward compartment Is at a maximum. The 
20 piston is precluded, or stopped, from moving out of syringe body M by 
safety clip 37 and plug 35. After mixing Is completed (as bjf shaking 
the syringe, for example), the syringe Is ready for delivery of the 
mixture to a patient. This is affected by moving the piston forwardly 
within the syringe body (the one-way valvlng precludes movement of the 
25 mixture to the rearward compartment) to cause the mixture to be 
discharged through aperture 54 of outlet 53. While not specifically 
shown. It is to be realized that outlet 53 can be connected with a 
patielit through a suitable conduit and needle arrangement, as Is well 
known. 

3Q An alternate embodiment of the piston actuating apparatus is 

shown In FIGURE 8. As shown, piston rod 32 has been replaced by drive 
rod 59. which rod connects with plug 35 which Is connected to piston 
16 so that the plug and piston are moved t gether forwardly In the 
syringe to effect delivery of drug (rod 59 replaces rod 32 only after 

35 mixing has occurred by moving piston 16 rearwardly with the syringe 
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body and clip 37 has been remov d). Drive rod 59 Is adapt d for use 
with a control mechanism so that the rod can be driven as needed to 
affect drug delivery* A control mechanism and associated drive rod 
for driving the rod In a programmed manner Is described in European 
5 Patent Application No. 86106427J published December 17, X986* 

FIGURE 9 illustrates another embodiment of the piston 
ass«ri)ly similar to that shown in FIGURE 8* As shown in this 
embodiment, however, drive rod 61 is utilized with rod 61 being 
configured at inner end 62 to pass through aperture 34 in plug 35 and 
10 notch 36 In clip 37, and then be directly connected to piston 16 to 
move only the piston forwardly to effect drug delivery after mixing 
has occurred. 

FIGURE 10 illustrates an alternate mbodiment of the piston 
assembly which provide an alternate manner of providing the needed 

15 one-way valve. As shown, base 64 of the piston has apertures 65 
therein leading to one-way valve 66 formed in the central portion of 
bridging section 67. As shown, materials can be forced, under 
pressure, from the rearward compartment to the forward compartment, 
but the valve structure precludes movement of materials rearwardly 

20 frw the forward compartment to the rearward compartment. When 
embodied in this manner, shoulders 68 and 69 extend to the inner wall 
of the syringe body at a right angle to form a seal thereat and do not 
allow transfer of materials in either direction between the inner wall 
of the syringe body and the piston. 

25 As can be appreciated from the foregoing, this invention 

provides an improved apparatus for mixing substances separately stored 
in the apparatus with mixing and delivery being effected by an 
actuator within the apparatus. 
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GIAIMS: 

1. A nrixlng apparatus^ coiifirlsing: 

a storage receptacle defining a chanber that Includes first 
and second conpartnents , in use said first lusutftinst having a first 
5 substance therein and said second compartment having a second 
substance therein, said storage receptable having an opening at one 
portion communicating with said second coq>artnent; 

movable means within said chand>er between said first and 
second compartments, said movable means Including valving means having 

10 a substance passing portion angularly oriented with respect to the 
direction of movement of said movable means within said chani>er with 
said substance passing portion being deflectable due to pressure 
exerted thereon by said first substance to thereby permit passage of 
said first substance from said first compartment to said second 

15 conq^rtme^nt upon application of pressure to said first substance but 
precluding passage of said first and second substances from said 
second compartment to said firest compartment: and 

actuating means having an elongated portion attached to said 
movable means and restricted to common movement therewith so that 

20 movement of said elongated portion In one longitudinal direction 
causes movement of said movable means In a first direction to cause 
pressure to be applied to said first substance so that said first 
substance Is transferred from said first compartment to said second 
compartment for mixing thereat, and movement of said elongated portion 

25 In the other opposite longitudinal direction causes movement of said 
movable means In a second direction to cause a mixture of said 
first and second substances to be discharged from said apparatus 
through said opening » 

2. The apparatus of claim 1 wherein said storage receptacle 
30 is a syringe having a body portion forming said chand)ers, and wherein 
said movable means is a piston within said body portion. 
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3. The apparatus of either claim 1 or 2 wherein said 
apparatus Includes stop weans for determining the limit of movement of 
said movable means for determining the limit of movement of said 
movable means In said first direction* 

5 4. The apparatus of claim 3 wherein said stop means 

precludes movement of said movable means outside said chamber. 

5. The device of either of claims 3 or 4 wherein said stop 
means includes retaining means having aperture means for receiving 
said actuating means therethrough whereby said movable means may be 

10 actuated externally of said syringe. 

6. The apparatus of any of claims 1 through 5 wherein said 
mixing apparatus is for mixing a drug* and wherein at least 
one of said first and second compartments has said drug therein, 
whereby said drug is nixed with a substance in the other of said first 

15 and second compartments upon movement of said movable means in said 
one direction, and whereby said drug mixture is expelled from said 
compartment upon movement of said movable means in said second 
direction. 

7. The apparatus of claim 6 wherein said drug is In one of 
20 a solid state and a liquid state, and wherein said diluent is In the 

other of said solid state and liquid state. 

8. The apparatus of claim 7 wherein said substance in the 
other of said first and second compartments is a liquid diluent, and 
wherein said drug is reconstituted by said mixing prior to delivery 

25 from said apparatus. 

9. The apparatus of any of claims Z thorugh 8 wherein said 
substance passing portion of said movable means of said piston 
Includes annular shoulder means extending fraa said piston and engaging 
the wall of said syringe body portion, said shoulder means being 
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formed so that upon aovenent of the piston In the 
first direction said first substance In said first 
compartBent can terainate engageaent of said shoulder 
neans with said wall aeans to allow passage of said 
first substance therebetween. 

10. The apparatus of daia 9 wherein said 
shoulder aeans is foraed so that upon aoveaent of the 
piston In the second direction substances In said 
second coapartaent cause engageaent of said shoulder 
aeans with the wall of said syringe body portion to 
thereby preclude passage of said substances from said 
second coapartaent to said first coapartaent. 

11, -The apparatus of any of clalos 2 through 8 
wherein said substance passing portion of said 
valvlng aeans of said piston includes relatively 
aovable elements positioned at one side of said 
piston, with said piston having apertures 

conaunl eating therethrough to said relatively aovable 
elements of said valvlng aeans whereby said 
relatively movable elraents are separated upon 
application of pressure to said first substance In 
said first coapartaent to allow passage of said first 
substance through said valvlng means, and whereby 
said relatively movable elements are precluded from 
separating upon application of pressure to substances 
In said second compartment to preclude passage of 
substances In said second coapartaent to said first 
coapartaent. 

12. The apparatus of any of claims 1 through 
11 wh rein said elongat d p rtlon of said actuating 
0 ans includes first and second el ngated sections 
and cooperating attachment means mounted at on end 
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f each said section wh reby said sectl n'n t 
connected to said piston can be replaced with a drive 
rod adapted to be driven In a predetermined aanner. 

13. A syringe comprising a plug or other 
sealing means sealing the end of the syringe through 
which the piston rod or drive rod passes to prevent 
escape of liquid through said end, the piston having 
one-way valve means to permit liquid flow from an 
upper chamber between the piston and the sealing 
means to a lower chamber between the piston and the 
outlet end of the syringe when the piston Is moved 
upwards but not to permit liquid flow in the opposite 
direction. 
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